Background: This paper reviews the classical and some particular factors contributing to earthquake-triggered landslide activity. This analysis should help predict more accurately landslide event sizes, both in terms of potential numbers and affected area. It also highlights that some occurrences, especially those very far from the hypocentre/activated fault, cannot be predicted by state-of-the-art methods. Particular attention will be paid to the effects of deep focal earthquakes in Central Asia and to other extremely distant landslide activations in other regions of the world (e.g. Saguenay earthquake 1988, Canada). Results: The classification of seismically induced landslides and the related 'event sizes' is based on five main factors: 'Intensity', 'Fault factor', 'Topographic energy', 'Climatic background conditions', 'Lithological factor'. Most of these data were extracted from papers, but topographic inputs were checked by analyzing the affected region in Google Earth. The combination and relative weight of the factors was tested through comparison with well documented events and complemented by our studies of earthquake-triggered landslides in Central Asia. The highest relative weight (6) was attributed to the 'Fault factor'; the other factors all received a smaller relative weight (2-4). The high weight of the 'Fault factor' (based on the location in/outside the mountain range, the fault type and length) is strongly constrained by the importance of the Wenchuan earthquake that, for example, triggered far more landslides in 2008 than the Nepal earthquake in 2015: the main difference is that the fault activated by the Wenchuan earthquake created an extensive surface rupture within the Longmenshan Range marked by a very high topographic energy while the one activated by the Nepal earthquake ruptured the surface in the frontal part of the Himalayas where the slopes are less steep and high. Finally, the calibrated factor combination was applied to almost 100 other earthquake events for which some landslide information was available. This comparison revealed the ability of the classification to provide a reasonable estimate of the number of triggered landslides and of the size of the affected area. According to this prediction, the most severe earthquake-triggered landslide event of the last one hundred years would actually be the Wenchuan earthquake in 2008 followed by the 1950 Assam earthquake in India -considering that the dominating role of the Wenchuan earthquake data (including the availability of a complete landslide inventory) for the weighting of the factors strongly influences and may even bias this result. The strongest landslide impacts on human life in recent history were caused by the HaiyuanGansu earthquake in 1920 -ranked as third most severe event according to our classification: its size is due to a combination of high shaking intensity, an important 'Fault factor' and the extreme susceptibility of the regional loess cover to slope failure, while the surface morphology of the affected area is much smoother than the one affected by the Wenchuan 2008 or the Nepal 2015 earthquakes.
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Conclusions: The main goal of the classification of earthquake-triggered landslide events is to help improve total seismic hazard assessment over short and longer terms. Considering the general performance of the classification-prediction, it can be seen that the prediction either fits or overestimates the known/observed number of triggered landslides for a series of earthquakes, while it often underestimates the size of the affected area. For several events (especially the older ones), the overestimation of the number of landslides can be partly explained by the incompleteness of the published catalogues. The underestimation of the extension of the area, however, is real -as some particularities cannot be taken into account by such a general approach: notably, we used the same seismic intensity attenuation for all events, while attenuation laws are dependent on regional tectonic and geological conditions. In this regard, it is likely that the far-distant triggering of landslides, e.g., by the 1988 Saguenay earthquake (and the related extreme extension of affected area) is due to a very low attenuation of seismic energy within the North American plate. Far-distant triggering of landslides in Central Asia can be explained by the susceptibility of slopes covered by thick soft soils to failure under the effect of low-frequency shaking induced by distant earthquakes, especially by the deep focal earthquakes in the Pamir -Hindukush seismic region. Such deep focal and high magnitude (> > 7) earthquakes are also found in Europe, first of all in the Vrancea region (Romania). For this area as well as for the South Tien Shan we computed possible landslide event sizes related to some future earthquake scenarios.
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Background

Review of major events
A series of extensive reviews of earthquake-triggered landslide events have been published since the first compilation presented by Keefer (1984) that became a milestone for related research. Keefer (1984) was the first to establish general seismic trigger thresholds indicating the (I) minimum earthquake magnitude needed to trigger landslides, (II) the maximum possible surface areas over which landslides of a specific type can be triggered by a single earthquake, (III) the maximum distance from the epicentre and the fault, at which a landslide could be triggered and (IV) the maximum possible number of induced landslides. Related statistics were first updated for more recent events (after 1980) by Rodriguez et al. (1999) and then again by Keefer (2002) , mainly by using the same types of relationships. Common results of their analyses are: a) landslides may be triggered by an earthquake with a magnitude larger or equal than 4 (with very few exceptions, one presented in Table A in the Appendix); b) far more than 10,000 landslides could be induced by a single earthquake, over distances up to several hundreds of kilometres away from the epicentre or the fault plane and, thus, (c) within a total surface area of more than 100,000 km 2 . The most extreme landslide-triggering earthquake events indicated by those researchers are the Haiyuan-Gansu 1920, the Assam 1950, the Alaska 1964, the Peru 1970, the Guatemala 1976 and the Chi-Chi 1999 earthquakes. A less catastrophic but remarkable event was the Northridge earthquake in 1994 as it is the only M < 7 earthquake (Ms = 6.7) that may have triggered 11,000 landslides over an area of 10,000 km 2 (Harp and Jibson 1996) . Below, we will show that it is not easy to explain the enormous morphological impact of this specific earthquake. However, for two other events, the Chi-Chi 1999 and Wenchuan 2008 earthquakes, extremely high numbers and concentrations of earthquake-triggered landslides could clearly be related to a specific combination of factors (Gorum et al. 2011; Huang and Fan 2013) : the extensive surface rupture of the activated fault inside a mountain range marked by extremely steep slopes and a relatively humid climate (see Fig. 1 showing the landslide distribution with respect to mountain topography and fault location for the Wenchuan 2008 earthquake). In this regard it should be noted that the general topographic, climatic and tectonic background conditions already turn this region into a landslide prone area.
In many cases, the 'Fault factor' combining the relative location of the fault, its extent and mechanism, helps explain the general characteristics of earthquake-triggered landslide events, but it does not explain why some events trigger landslides at very far distances, such as the Ms = 5.8 Saguenay earthquake that induced landslides at unexpected large epicentral distances of more than 100 km. Rodriguez et al. (1999) related this far-distant triggering to the high susceptibility of sensitive clays to slope failure; Keefer (2002) added low regional seismic attenuation and local site amplification as reasons explaining distant landslide occurrences. The role of the low regional attenuation of seismic waves on the landslide triggering potential -especially in intraplate areas -was highlighted more recently by Jibson and Harp (2012) with the example of the 2011 Mineral, Virginia, earthquake, in North-Eastern U.S. This M w = 5.8 earthquake with a focal depth of 6 km (reverse motion on N28°E/45°E oriented fault, not rupturing the surface) triggered small rock falls and slides at maximum epicentral distances of more than 200 km; the total area affected by slope instability thus by far exceeded the surface area potentially affected by seismic slope failures as predicted by any existing empirical law (see comparison of actual affected area with predicted extension areas in Fig. 2) . A second factor added by Jibson and Harp (2012) explaining the extreme underestimation of affected surface area and epicentral distance by existing laws is the fact that those ones (including the one of Keefer and Wilson 1989) were partly based on older inventories mainly compiled from smaller areas near the epicentre. Thus, it is likely that those compilations just missed the far-distant (but generally rare) landslides.
Another case of distant triggering of landslides is presented by Jibson et al. (2006) for the Mw = 7.9 Denali Earthquake in 2002. However, here the 300 km distance of the farthest landslide measured from the epicentre is due to the fact that the epicentre is located at one end of a 300 km long fault rupture. The distance is strongly reduced if measured from the fault rupture. A similar observation was made by Gorum et al. (2011) for the Wenchuan Earthquake.
The far-distant triggering is an enigmatic topic that should have stimulated more interest among the scientific community. However, only a few researchers have focussed their attention on this problem, among them Delgado et al. (2011) as well as Nurtaev (2013, 2014) and Torgoev et al. (2013) . Delgado et al. (2011) also consider Gorum et al. 2011) local site amplification and high slope failure susceptibility (for slopes with Fs~1 and thus also prone to static failure) as important reasons for the far-distant triggering that may further be enhanced by the general seismic and climatic conditions (e.g., repeated seismic activity due to aftershocks and intensive antecedent rainfall, respectively). The other cited researchers studied the remote effects (>200 km from epicentre) of deep focal earthquakes in the HindukushPamir area. Havenith et al. (2013) also show that the impacts should not be considered as 'anecdotic' as some proved remotely triggered landslides caused enormous impacts such as the Baipaza landslide in Tajikistan (Fig. 3 ) triggered in 2002 by the Mw = 7.4 Hindukush earthquake at a hypocentral distance of more than 300 km. This landslide had dammed Vakhsh River with consequential impacts on the immediately upstream located hydropower station that had to stop running for several months. These case histories highlight the importance to reassess hazards induced by deep focal earthquakes in other regions of the world, either along subduction zones or in specific continental areas such as the Hindukush -Pamir Mountains and in the Carpathians (Vrancea seismic region). In the next section we will analyse this effect more in detail.
Methods
Classification of seismically induced landslides
Our classification of seismically induced landslide event sizes follows an 'event by event' approach rather than a statistical analysis of extensive databases, as published previously, e.g. by Keefer (1984 Keefer ( , 2002 or others (Rodriguez et al. 1999) . It is based on five main factors that were combined to assess the 'size' of an event in terms of potential number of triggered landslides and total affected area: 'Intensity' , 'Fault factor' , 'Topographic energy' , 'Climatic background' , 'Lithological factor'. Those factors are estimated from readily available information, such as earthquake magnitude and hypocentral depth, time of the event, or they had to be compiled from generally more rare data on fault characteristics, regional surface morphology, antecedent rainfall or general climatic background of the affected region and the regional geology. Most of these data were extracted from papers, but topographic inputs were also checked by analysing the affected region in Google Earth, for some regions combined with studies of SRTM (Shuttle Radar Topography Mission) data (mostly with 90 m resolution that was adapted to the scale of the research). The combination and relative importance of the factors were tested through calibration based on well documented events Jibson and Harp 2012) . The star indicates the epicentre; large crosses are landslide limits; triangles represent seismic recording stations with station codes indicated. Bold line: ellipse centred at the epicentre and passing through the observed limits (dashed where inferred beyond limits); the dotted line shows a polygon enclosing the observed landslides; the circle around the epicentre indicates the previous maximum distance limit for M 5.8 earthquake (Keefer 1984) ; filled circles show maximum (1500 km 2 ) and average (219 km 2 ) areas expected to experience landslides for an M 5.8 earthquake based on previous studies (Keefer 1984 (Keefer , 2002 Rodríguez et al. 1999) (e.g. Haiti 2010, Wenchuan 2008) or on older events for which reliable extensive information was available such as for the Northridge 1994 , Loma Prieta 1989 , Guatemala 1976 and Peru 1970 earthquakes. This calibration is complemented by our expertise developed through studies of earthquaketriggered landslide events in Central Asia for which a series of examples are presented as well.
The complete table (Table A) of the classification of all 100 studied events is included in the Appendix, while the results for the 50 earthquakes marked by the highest numbers of triggered landslides (as estimated on the basis of our database) are also presented graphically in Fig. 4 . The weights of the five main factors assigned to each event are also shown in Table A in the Appendix; they were obtained on the basis of the approach described more in detail for each factor below and summarised in Table 1 . For clarity, the intermediate factors, the fault (rupture) location factor (FLF) describing its location with respect to the affected mountain region, the fault length (FLF), the fault type (FT) and the resulting 'Fault factor' (F) as well as the Arias Intensity (AI) values used for the 'Intensity' estimate are shown in a separate Table B in the Appendix. The weight of three of the main contributing factors is directly determined from available information: Topographic energy, Climatic background, and Lithological factor. However, for all factors also some arbitrary limits are introduced (see explanation below) to simplify the approach; thus, we acknowledge that the weighting strongly depends on expert opinion.
The 'Intensity' factor is based on the attenuation law for Arias Intensity AI (see Eq. 1 by Keefer and Wilson 1989) using as inputs the earthquake magnitude M and the distance. The distance parameter 'R' used here combines the hypocentral distance 'D' with an event-adapted epicentral distance as shown by Eq. 2. The adaptation concerns mainly the average distance of the landslide group to the epicentre that is qualitatively estimated by multiplying the magnitude M by a factor of 10, divided by two factors (see also Table 1 and explanation in the next paragraph), by the fault location factor FLF and by the fault type FT. The division by FLF takes into account for the reduction of the average epicentral distance, especially if the fault is located near the affected mountain region, i.e. for FLF > 1; the division by FT is justified by the fact that wave propagation from activated dip-slip faults with FT equal to 1.5 is generally less attenuated over distance than the one from strikeslip faults with FT = 1. Further, to reduce the partly overlapping contribution of the factors I and F for large earthquakes (with AI > 1 m/s), especially subduction earthquakes, and considering that for larger earthquakes the average AI will be comparatively smaller over a greater affected area, the square-root of AI is attributed to factor I. Table 1 summarizes the weights or value ranges for the five factors and how they were obtained. is indicated along the respective event bar. Right graph: the size of an event is shown (along X-axis) in terms of observed and predicted number of induced landslides (resp., red and black squares along the grey horizontal bar produced for each event) and total affected area (blue cross in the same line)
The 'Fault factor' combines the two aforementioned inputs FLF and FT with the fault length (FL). The weights attributed to the components (FLF, FT, FL) strongly depend on expert opinion: thus, we estimate that the location of the fault inside/near/outside a mountain range (values of FLF are respectively: 2/1.5/1) or the fault length (values of FL: 1, 2) have a greater influence on the landslide triggering potential than the fault type (values of FT: 1, 1.5). For the fault length FL contributing to the 'Fault factor' F only two values were considered: 1 if the fault length is smaller than 100 km, 2 if it is larger. Here we might also have used a continuously changing value, e.g. based on the logarithm (with basis 10) of the fault length. However, such a calculation would not have been possible for all, especially the older, events for which FL is not well known. Further, for very deep earthquakes, the fault length is not really a significant factor in this context -only the magnitude would have an impact on the landslide triggering potential (through the use of AI). Thus, for those deeper earthquakes, a value of 1 was set for FL. From Table 1 it can be inferred that the range of values attributed to the Fault factor is the largest one, as it is considered to the dominating factor.
The determination of the Topographic energy (TE) factor required the most extensive analysis as for the epicentral areas of all 100 events the maximum altitude difference had to be measured (mainly in Google Earth, for areas covered by our databases in Central Asia, Romania also with 90 m SRTM data) for sample surface areas of 10 by 10 km. On the basis of this study, five levels of TE were set: 0.5, 1, 2, 3, 4. The value of 0.5 is attributed to relatively flat areas where landslides may develop only on minor slopes or bluffs (e.g., for the 1811-1812 New Madrid earthquake zone). The other values are attributed to hilly or mountainous areas. Among the zones affected by the 50 most severe events (shown in the table in Fig. 4 ) only the Longmenshan Mountains hit by the 2008 Wenchuan earthquake are marked by a TE-value of 4. In Table A in the Appendix, a TE-value of 4 was also attributed to zones hit by earthquakes in the Hindukush (Hindukush events of 2002 and 2015) and in the Andes (Columbia event of 1995).
For setting the value of the 'Climatic background' condition factor CB a pure qualitative approach was applied as for many events only limited hydro-meteorological information is available. For all events, the general climatic conditions were taken into consideration: e.g., for intracontinental mountain areas marked by arid climate, such as for the zone affected by 1957 Gobi-Altai earthquake, a CBvalue of 0.5 was selected, while to zones marked by a wet climate in sub-tropical or tropical areas a CB-value of 2 was generally attributed, such as for the regions affected, respectively, by the 2008 Wenchuan and the 1950 Assam earthquakes. Only for a few events information on the seasonal conditions or antecedent rainfall was found in published reports: e.g., the 1992 Suusamyr earthquake (in Table A in the Appendix) occurred during a very dry season; therefore, the minimum value of CB of 0.2 was set for this event. It should be noted that for many (especially older) events the climatic conditions are not or only poorly known; in those cases, a 'neutral' CB-value of 1 was used. The maximum weight of the 'Climatic background' is only 2 and thus maybe considered as 'less' important than the 'Fault factor' with a maximum weight of 6. However, the range of values covered by CB (0.2-2, with a max/min value ratio of 10) is almost as large as for F (0.5-6, with max/min ratio of 12). The 'Lithological factor' LF was extracted from any published (and available) geological information. It ranges from 1 to 4; the value of 1 is used for zones with major presence of (hard or only partly weathered) bedrock, the value of 2 is used for areas with wide presence of weakly consolidated Tertiary (partly also Mesozoic) layers and 4 for areas extensively covered by loose Quaternary deposits. For some areas, setting this factor was not problematic as the presence of a certain type of lithology susceptible to slope failure is explicitly mentioned in the papers describing the events, such as the presence of thick loess cover in zones affected by earthquakes in China or Central Asia or the presence of volcanic soils in areas hit by subduction earthquakes in the Andes and in Central America. Those cases are described with more detail below. Certainly, the required geological information is not available for all epicentral areas (at least not in the papers describing the events); for those ones a LF value of 1 was used -this is the case for about 25 % of all events. It should be noticed that for those events we did not further study the geological maps that might have been published in national journals. From Table 1 it can be seen that we essentially use a kind of stratigraphic subdivision of LF, simply because this kind of information is more readily available than geotechnical data. Such a subdivision revealed to be widely applicable in Central Asia (see Havenith et al., 2015b ), but we acknowledge that does not account for, e.g., the influence of deep weathering on slope stability. Thus, the classification of LF would require an extensive adaptation in the case of tropical regions.
On the basis of these five main factors, the event size is first computed in terms of potential number of earthquake-triggered landslides NL (see Table A in the Appendix) according to Eq. 3:
The potentially landslide-affected area AL is computed using the following Eq. 4:
Equation 3 is based on the assumption that the number of seismically triggered landslides NL is proportional to all five factors, augmented by a factor of 1000 estimated qualitatively through comparison with published landslide event size data. For the calculation of the affected landslide area AL we also assume the same proportionality between AL and the product of four of the five main factors (I, TE, CB, LF), multiplied by the fault type component, by the earthquake magnitude M and by the square of the hypocentral depth D. The 'Fault factor' F was not entirely taken into consideration for the calculation of AL as the fault location (FLF) or length (FL) components do not have a proved effect on the extent of the affected areas, which is more depending on the earthquake magnitude and hypocentral depth (see also Lei 2012: deep large earthquakes are known to have triggered landslides at farther distances; comparison with those events showed that even the square of D best explains the extent of areas affected by seismic landslides). FLF and FL rather control the concentration of the landslides within the affected area (as shown by Gorum et al., 2011 , for the Wenchuan earthquake). Only the fault type seems to have an effect on the size of the landslide-affected area AL: notably, for dip-slip faults (including subduction faults) a farther reaching effect can be expected in the hanging wall (AL is increased by a factor FT = 1.5). These considerations are supported by the studies of Tatard and Grasso (2013) who noticed that dip-slip earthquakes may trigger landslides at larger distances than oblique slip events; they also show that especially those earthquakes producing extensive surface ruptures generally trigger landslides over relatively smaller distances from the fault. The selection of factors contributing to AL is further constrained by the information on the 2008 Wenchuan and 1999 Chi-Chi earthquakes for which reliable data are available as well as by data on a series of subduction and intraplate earthquakes that were not accompanied by surface fault rupture in the landslide-affected areas (e.g. El Salvador 2001, Saguenay 1988).
The graph in Fig. 4 shows that the event marked by the largest potential number of landslides (NL > 90,000) is the Wenchuan earthquake. This is due to the aforementioned combination of various factors clearly favouring the occurrence on an extreme event: the high magnitude (Mw = 7.9) and associated large 'Intensity' (see yellow ellipse along first bar in the graph in Fig. 4) , the maximum value attributed to the 'Fault factor' (F = 6, see location of red circle along the bar in Fig. 4 ) related to the location of the activated mainly dip-slip fault with FT = 1.5 (note: part of the fault was also strike-slip; see Gorum et al. 2011 ) with a length larger than 100 km (FL = 2) inside a mountain range (FLF = 2) marked by a very high 'Topographic energy' (TE = 4, see location of brown cross along first bar in Fig. 4) , the humid climate of the affected region (CB = 2, see blue dot along first bar in Fig. 4) . In this case, we expect, however, that the 'Lithological factor' did not contribute to the event size as there is only limited soft soil cover in the area (LF = 1: there is no indication of soil slides in Gorum et al. 2011) , even though the comment above concerning the influence of deep weathering of rocks on slope stability may also be applicable to some areas affected by the Wenchuan earthquake. Nevertheless, it can be seen that the estimated potential number of triggered landslides and the size of the affected area indicated in Fig. 4 and Table A in the Appendix (NL = 93 ,883, AL = 53,586) clearly exceeds the number and size observed by Gorum et al. (2011) : NL~60,000; AL~35,000. However, our computed values are smaller than those recently published by Shen et al. (2015) : NL~200,000 landslides; AL~100,000 km 2 . So, the estimated NL and AL values are within the range of the NL and AL values published by those two teams.
The large numbers of landslides potentially triggered by the 1950 Assam and 1920 Haiyuan-Gansu events (NL7 4,400, NL~36,500, classified second and third, respectively) are strongly controlled by the high earthquake magnitudes of more than 8, resulting in larger shaking intensities as well. For the 1950 Assam event, the other factors are similar to those of the 2008 Wenchuan earthquake, but the final NL value is a bit smaller as the activated fault surface rupture is not directly located in the affected mountain region (FLF = 1.5); further, the 'Topographic energy' of the epicentral area and nearby mountains is less pronounced (TE = 3) than in the Longmenshan Mountains affected by the 2008 Wenchuan earthquake. In addition to its high magnitude (M = 8.5), another particular factor contributed to the severity of the 1920 HaiyuanGansu event: the 'Lithological factor' (LF = 4), as most of the area is covered by thick loess deposits. In this case, the 'Fault factor' and 'Topographic energy' seem to be less important (F = 4; TE = 1) compared to the two first events (see also Li et al. 2015) , while the important role of the Lithological factor is documented by the following notes by Zhang (1995) : '…areas with intensity of 8 … here the damage caused by the slides was more serious than the primary ones caused by the quake. Based on field survey, abnormal 9 to 10 intensities were recorded here'. Zhang (1995) added that 'these landslides were not only controlled by the intensity of the earthquake, but by the structure of the subsoil'. It should be noticed that such an intensity of 8 (on Chinese Seismic Intensity Scale, CSIS) was recorded over 50,000 km 2 (Zhang 1995) . Zhang and Wang (2007) also observed that loess earthflows triggered by the Haiyuan-Gansu earthquake had developed on relatively gentle slopes compared to those triggered by rainfall in the same region. These observations highlight the particular susceptibility of loess areas to seismic ground failure, such as it was clearly shown by Derbyshire et al. (2000) analysing geological hazards affecting the loess plateau of China. In addition to those notes directly concerning the 1920 Haiyuan-Gansu earthquake, we also refer to the observations by Danneels et al. (2008) who proved that a thick cover of loess (especially if present on the top of slopes) can induce strong amplification of the seismic motion. Thus, the maximum value of 4 was attributed to the 'Lithological factor' of the Haiyuan-Gansu event due to both the weak stability of loess-covered slopes and to site amplification. The same maximum value of LF = 4 is also attributed to events affecting zones covered by sensitive clays (e.g., for the regions affecting the 1988 Saguenay, Canada, earthquake; see also Keefer 2002) and soils of volcanic origin (e.g., 2001 El Salvador earthquake; see Evans and Bent 2004) .
As indicated above, values of the 'Climatic background' conditions factor CB are typically higher (CB = 2) in the humid tropical or sub-tropical regions (South China, Central America, some regions in South America, and Southeast Asia) where this factor may then either reduce the static slope stability or favour induced seismic ground effects related to increased pore water pressures such as liquefaction; both mechanisms, separately or combined, contribute to a higher landslide susceptibility, also during earthquakes. This was probably the case for the 2008 Wenchuan, the 1991 Valle de la Estrella (Costa Rica), the 1987 Reventador (Ecuador) and the 1990 Luzon (Philippines) earthquakes, among others. However, for a series of earthquake events affecting regions marked by a relatively arid climate or during dry seasons (with CB < 1), the landslide triggering potential may also be reduced; we estimate that this was the case for the recent 2015 Nepal, the 2011 Tohoku or the 2003 Altai events, among others. The smallest value of CB of 0.2 was attributed to one single event presented in Fig. 4 : the 1977 Caucete (San Juan) earthquake in 1977 that occurred in a very arid area in Western Argentina. The aridity of regions in Central Asia also explains why events such as the 1911 Kemin (M~8) or the Suusamyr (M = 7.3) earthquakes triggered relatively few landslides -though both of them triggered at least one giant rockslide. The NL-values presented in Table A in the Appendix (and, for the Kemin event, also in Fig. 4) even clearly overestimate the known observed number of landslides (typically several dozens, possibly one hundred but not more than 1000 as estimated for the Kemin earthquake in Fig. 4) . Similar earthquakes would have triggered far more landslides in a comparable topographic context but marked by a wetter climate or if the earthquake had occurred during the wet season (the 1992 Suusamyr earthquake occurred in August 1992, at the end of the dry summer season).
The classification of the events according to the landslide-affected area does not follow the same trends as the one in terms of the number of triggered landslides. This is mainly due to the reduced influence of the 'Fault factor' and the increased magnitude and focal depth impact. Therefore, earthquakes most likely triggering landslides at extreme distances are those having a very deep hypocentre -though there are also well-known exceptions to this rule, such as the 2011 Mineral, Virginia, earthquake in the Eastern U.S. (Jibson and Harp 2012) . In  Fig. 4 , the graph indicates the largest extents of landslide-affected areas for subduction earthquakes. Thus, according to our estimates, the 1970 Ancash (Peru), the 2001 El Salvador and 1964 Alaska earthquakes might have triggered landslides over an area of more than 70,000 km 2 . The problem is that those estimates may not be easily verified; at least, for the 1964 Alaska subduction event an extreme AL-value has been indicated by Keefer (1984 Keefer ( , 2002 : AL = 269,000 km 2 . This value is much larger than the one predicted here. This could be due to the fact that we assumed a relatively strong bedrock geology for the area (LF = 1), while the geology must be highly variable over tens of thousands of square kilometres. Areas covered by loose deposits or those presenting a topography susceptible to amplified shaking can thus be affected by landslides at much larger distances: e.g. the Sherman rock avalanche was triggered at a distance of more than 100 km from the epicentre of the 1964 Alaska earthquake, from a mountain called Shattered Peak (Shreve 1966) . The high 'Lithological factor' value of 4 also probably explains why the 1988 Saguenay earthquake triggered landslides at greater distances as indicated by Rodriguez et al. (1999) and Keefer (2002) . In Fig. 4 and Table A in the Appendix, we indicate a relatively large affected area of more than 3000 km 2 ; this means that landslides could be triggered at more than 40 km from the epicentre. Actually, even much larger distances of more than 100 km are indicated for this event by Rodriguez et al. (1999) . The prime examples of earthquakes potentially triggering landslide movements at very far distances (> > 100 km) are the deep focal events in the Hindukush-Pamir seismic region. This potential has been proved by Niyazov and Nurtaev (2010 , 2013 and Torgoev et al. (2013) on the basis of landslide case histories in Uzbekistan and Kyrgyzstan, some located at a distance of more than 500 km from the hypocentre. Also in Tajikistan, the impacts of the distant Hindukush-Pamir earthquakes on slope movements are known as shown above with the example of the Baipaza landslide that dammed Vakhsh River in 2002. Nurtaev (2013, 2014) relate the higher susceptibility of the slopes to (partly) fail during such distant earthquakes to liquefaction phenomena developing in loess deposits through the impact of very low frequency shaking -even though the Arias Intensity could be well below 0.1 m/s (see also computed intensities for Hindukush earthquakes in Table A in the Appendix). Nurtaev (2013, 2014) further highlight the importance of the climatic factor (here, CB) for the distant seismic triggering, showing that most of the landslides were induced during the wet spring season, when the static factor of safety of the slopes would be the lowest due to increased pore pressures. Another region where deep focal earthquakes are known to have triggered landslides is the Vrancea seismic area in the South-Eastern Romanian Carpathians, where 4 earthquakes with M w > 7.4 have been recorded during the last two centuries. According to Georgescu (2003) , the 1802 earthquake ("the Great Quake") is considered to be the most severe one ever recorded in this area in terms of magnitude (Mw 7.8-7.9, 150 km depth) and among the most important in terms of intensity (I 0I = IX-X MSK). The Vrancea region is considered to be the most important intermediate-depth earthquake area of Europe inducing effects that may be recorded as far as Russia (NE) and Bulgaria-Serbia (SW). Historical earthquakes in Vrancea are known to have triggered landslides at very large distances (250-300 km). As a consequence of the November 1940 earthquake (M w = 7.7, 150 km depth), Radu and Spânoche (1977) reported numerous geohazards (ground fracturing and at least 40 shallow and medium-seated landslides accompanied by ground-water level disturbances), favoured by the wet conditions induced by the overall very humid 1937-1940 time period (annual mean precipitation exceeded by 13-38 %). The very large majority of the above-mentioned processes was recorded within an elliptical zone (300 by 200 km) elongated according to a NE-SW direction and marked by the 8 degrees MSK intensity isoline. Angelova (2003) states that all the M > 5.5 Vrancea earthquakes have left ground effects and damage throughout Bulgaria. Particularly, the 1977 event (M w = 7.4, 94 km depth) was marked by numerous coseismic processes like cracks and fissures (in Bregare, Cape Emine and Silistra at epicentral distances of 160-290 km), falls (from coastal cliffs, caves, steep river banks, limestone ridges in Tyulenovo, Galata, Iskrets at epicentral distances of 270-380 km) and slides (in Razgrad, Popovo, Silistra at epicentral distances of 210-260 km). Mândrescu (1981) outlined two main areas in Romania with ground deformations that appeared following the 1977 earthquake: a) the outer Paleogene Flysch Carpathians, Neogene Molasse Subcarpathians and (mainly) the southern Moldavian Plateau (Upper Neogene-Quaternary loose deposits) areas at an epicentral distance of 50-80 km, where slides, falls and collapses, soil and rock cracks and fissures were the prevailing processes; b) the Romanian plain area (and the large floodplains of the transversal rivers in their Subcarpathian sector and also the Danube floodplain, at an epicentral distance of 120-310 km away, affected by river bank collapses, soil cracks and fissures and liquefaction phenomena (that appeared at very large distances of 220-310 km). Most of the landslides (12 coseismic cases are confirmed with a surface area of 1-10 ha) occurred during the earthquake or immediately after it, while only a few (namely 4) acted as post-seismic failures (24 h to 5 weeks). The quite small number of landslide events induced by the 1977 earthquakes can be attributed to the relatively dry climatic conditions during that period, marked by a pluviometric record that was 40 % below the monthly average values of 30-90 mm. In order to exemplify the possible use of this classification for predictions over long terms we computed 'worst-case' scenarios of earthquake-triggered landslide events for two geographically and seismotectonically very distinct regions: the Vrancea seismic region and the South Tien Shan (see 'Scenarios' in Tables 2 and 3 below). These two regions are marked by the highest regional M > 7 earthquake activity in Europe and Central Asia (north of the Hindukush), respectively. The worst-case scenarios combine the general (permanent) regional conditions with the maximum possible earthquake magnitude (not exceeding the highest historical magnitude by more than 0.3 units) and very wet conditions (adapted to regional climatic context): for the Vrancea area we consider Mmax = 8 and CB = 2 and for the South Tien Shan Mmax = 7.8 and CB = 1. The CB value is higher for the Vrancea area as this region is more likely to be affected by very wet conditions than the South Tien Shan that is typically marked by a semi-arid climate. In the South Tien Shan, the CB-value of 1 would only be reached during a particularly wet spring -early summer season. According to the estimates presented at the end of Table A, the maximum number of landslides that may be triggered by a single earthquake in Vrancea would be less than 1000 (~760) while it may even exceed 50,000 for the South Tien Shan. The much higher predicted number of landslides triggered by an earthquake in the South Tien Shan compared with Vrancea -even though the magnitude and CB-value are more severe for this latter region -is due to two main factors: first, in the Vrancea region very large earthquakes typically occur at a depth of more than 150 km while they are relatively shallow in the South Tien Shan (the depth is normally less than 20 km); second, the slopes are on average much steeper and higher in the South Tien Shan than in the South-Eastern Carpathians. These results are supported by historical evidence as the South Tien Shan has already been hit by a major landslide triggering earthquake event (Khait 1949) while for the Vrancea region such an important event has not been reported in historical documents. However, it should be noticed that this general predictive approach does not fully take into account some far-distant effects (see also examples shown above) that are likely to be more pronounced for the deep focal Vrancea earthquakes than for the shallow earthquakes in the South Tien Shan.
Conclusions
The main goal of the classification of earthquake-triggered landslide events is to help improve total seismic hazard assessment over short and longer terms -especially for mountain regions. The classification may thus contribute to a better prediction of very distinctive geologicalgeomorphic hazards induced by an earthquake if the geologic, topographic and climatic context is well defined. An application could be the short-term prediction right after an earthquake (e.g. to facilitate emergency aid), or it could be used for scenario modelling (e.g., for critical infrastructure).
The classification is based on five factors considering the (I) shaking intensity, (II) the combined fault location-type and length characteristics, the (III) general topographic context (average slope steepness and height for a region), (IV) climatic background and temporary hydrometeorological conditions as well as (V) regional and local lithological properties. The weighting of all five factor values is based on expert knowledge combined with calibration using known events, considering both the general and particular case histories. The highest weight (6) was attributed to the 'Fault factor'; the other factors all received a smaller weight (2-4). The high weight of the 'Fault factor' (based on location in/outside mountain range, fault type and length) is strongly constrained by its importance highlighted by the Wenchuan event. For this earthquake, among all studied events, the highest number of landslides (NL) has been observed and mapped within a well-defined area (Gorum et al. 2011: NL~60,000; Shen et al. 2015: NL 200,000) . This high number of triggered landslides is due to a combination of several factors favouring seismic slope instability: (I) the large earthquake magnitude (Mw = 7.9), (II) the presence of a mountain range marked by a very steep and high slopes and affected by (III) generally wet hydro-meteorological conditions. However, a similar combination of factors could also be observed for other events (notably, Assam 1950 and Chi-Chi 1999) ; actually, it is possible that the M > 8 Assam earthquake triggered a similar high number of landslides (see, e.g. Keefer 1984) , but this number is not proved; for the Mw = 7.6 Chi-Chi earthquake the proved number of triggered landslides is clearly smaller (NL~20,000). Therefore, we think that the key element to M is the magnitude and HD the hypocentral depth of the scenario earthquake, I is the Intensity, F is the Fault factor, T is the Topographic energy, C is the Climatic factor, L is the Lithological factor F location is the Fault (rupture) location (in Mountains =2; near = 1.5; other = 1); F type is the Fault type (Dip-slip = 1.5, Strike-slip =1); F length is the Fault length (>100 km =2, 20-100 km =1, < 20 km =0.5); F is the resulting Fault factor (as included in Table 2) explain the extreme geomorphic impact of this earthquake is the development of an extensive surface rupture (length > 300 km) of the activated (mainly thrust-type) fault inside a mountain range (for the Assam 1950 event, a similar large surface rupture occurred near but mainly outside the mountain range and for the 1999 Chi-Chi earthquake, the surface rupture was less extensive,~100 km).
Considering the general performance of the classification-prediction, it can be seen that for many studied events the estimated number of seismically triggered landslides fits the observed one; however, for many others this number is also overestimated (e.g., for events in Central Asia, such as Kemin 1911 , Khait 1949 and Suusamyr 1992 as well as, possibly, for some subduction events, such as Peru 1970 and El Salvador 2001); only for a very few cases (e.g., San Francisco 1906 and Northridge 1994) the number of seismically triggered landslides is underestimated. In this regard it should be noticed that 'underestimation' was restricted through the calibration of the factor values and their combination. For several events (especially the older ones), the overestimation of the number of landslides can be partly explained by the incompleteness of the published catalogues. Therefore, we considered 'overestimation' of the number of triggered landslides as less constraining than 'underestimation'. However, we also know that for events investigated in Central Asia overestimation of the number of triggered landslides might be due to an inappropriate weighting of the hydro-meteorological conditions that does not fully take into account the very arid climate favouring slope stability in some mountain regions. This observation is also likely to be applicable to other arid mountain regions, such as to some parts of the Andes marked by extreme dry hydro-meteorological conditions.
Frequent overestimation of the number of landslides contrasts with numerous cases of underestimation of the observed extension of the area affected by co-seismically triggered landslides. Good fits of the affected areas were mainly obtained for well-described intracontinental events, especially those for which fault characteristics are known (e.g. Wenchuan 2008 , Haiti 2010 . A prominent event for which the reported size of landslideaffected area was clearly underestimated is the Mw = 9.2 Alaska earthquake in 1964. According to Keefer (1984 Keefer ( , 2002 this earthquake would have triggered slope failures over an area of more than 200,000 km 2 , while any prediction of this area based on a reasonable factor weighting and combination produced a value of less than 100,000 km 2 . Underestimation of areas affected by seismic slope failures is due to the fact that some particularities cannot be taken into account by such a general approach. First, we used the same seismic intensity attenuation law for all events, while attenuation laws are dependent on regional tectonic and geological conditions; thus, it is likely that the far-distant triggering of landslides, e.g., by the 1988 Saguenay earthquake (and the related extreme extension of affected area) is partly due to a very low attenuation of seismic energy within the North American plate. This point highlights the need for using region-specific attenuation laws, both for scenario modelling and hazard assessment. Second, fardistant triggering of landslides can be explained by a very high susceptibility of some lithological materials to slope failure, possibly enhanced by strong local amplification of the seismic shaking. According to Rodriguez et al. (1999) and Keefer (2002) , both the high susceptibility of weak soils to failure and the local site amplification contributed to far-distant effects of the 1988 Saguenay earthquake. Far-distant triggering of landslides in Central Asia can be explained by the susceptibility of slopes covered by thick soft soils to failure under the effect of low-frequency shaking induced by distant earthquakes, especially by the deep focal earthquakes in the Pamir -Hindukush seismic region. Such deep focal and high magnitude (> > 7) earthquakes are also found in Europe, first of all in the Vrancea region (Romania). For this area as well as for the South Tien Shan marked by a very high seismicity (return period of about 50 years for M > 7 events) we computed worst-case scenarios of earthquake-triggered landslide events. Those results show that several tens of thousands of landslides could be triggered by a single high magnitude earthquake in the South Tien Shan while the number of landslides triggered by a similar large earthquake would be far less (<1000) due to the much deeper hypocentre of events in Vrancea. However, a very strong future earthquake in Vrancea is likely to trigger ground effects over a much larger area, possibly over more than 150,000 km 2 and at distances of more than 500 km away from the epicentre. M is the magnitude and HD the hypocentral depth of the scenario earthquake, I is the intensity, F is the fault factor, T is the topographic energy, C is the climatic factor, L is the lithological factor F location is the Fault (rupture) location (in Mountains =2; near = 1.5; other = 1); F type is the Fault type (Dip-slip = 1.5, Strike-slip =1); F length is the Fault length (>100 km =2, 20-100 km =1, < 20 km =0.5); F is the resulting fault factor (as included in Table 2 ) Appendix A 
